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(54) ORGANIC ELECTROLUMINESCENT ELEMENT 

(57)Abstract: 

PURPOSE: To improve the luminance of an organic 
electroluminescent element by forming a luminescent 
layer contg. an org -solvent-sol. conjugated polymer 
having a specified molecular structure and an electron- 
transporting compd. between a pair of transparent or 
translucent anode and cathode. 

CONSTITUTION: On a transparent substrate such as 
glass is formed a cathode comprising tin oxide, etc., on 
which is applied a toluene soln., etc., of a conjugated 
polymer of the formula (wherein Ar is an arylene or 
arom. heterocyclic group substd. by a group such as a 
1 -22C alkyl, alkenyl, alkylthio, or 6-22C arom. 
hydrocarbon group provided it forms the % electron 
conjugation with the adjacent arylene or arom. 
heterocyclic group; and n>5)[e.g. a poly(3- alkyl-2,5- 
thienylene)] followed by thermal treatment under a 
reduced pressure, thus forming a luminescent layer with 
a thickness of 0.5um to 10u.m. On the luminescent layer 
is formed an electron-transporting layer comprising a 

benzoquinone compd., etc., followed by the vacuum deposition of an Mg-Ag alloy, etc., to form 
an electron injection cathode. Thus, the objective element exhibiting a high luminance at a low 
driving voltage is obtd. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1]In an organic electroluminescence element which has a luminous layer at least in inter- 
electrode [ which at least one side becomes from the anode and the negative pole of a 
transparent or translucent couple ], this luminous layer is a lower type. [Formula 1] 



Ar shows a repeating unit here — an aromatic ring or aromatic property heterocycle — the alkyl 
of at least one carbon numbers 1-22. They are an allylene group which has the substituent 
chosen from the alkoxy ****** alkylthio group and the aromatic hydrocarbon group of the 
carbon numbers 6-22, or an aromatic property heterocyclic compound group, And it is what 
forms the pi electron conjugated system which followed this aromatic ring of a repeating unit or 
aromatic property heterocycle which this aromatic ring or aromatic property heterocycle adjoins, 
n is five or more integers. Organic electroluminescence element by which having the structure 
expressed and meltable conjugated system polymers and an electron-transport-property 
compound being included in an organic solvent. 

[Claim 2]In an organic electroluminescence element which has a luminous layer at least in inter- 
electrode [ which at least one side becomes from the anode and the negative pole of a 
transparent or translucent couple ], this luminous layer is a lower type. [Formula 2] 



An organic electroluminescence element comprising: 

Ar shows a repeating unit here — an aromatic ring or aromatic property heterocycle — alkyl of 
at least one carbon numbers 1-22. They are an allylene group which has the substituent chosen 
from an alkoxy ****** alkylthio group and an aromatic hydrocarbon group of the carbon numbers 
6-22, or an aromatic property heterocyclic compound group, And a pi electron conjugated 
system which followed this aromatic ring of a repeating unit or aromatic property heterocycle 
which this aromatic ring or aromatic property heterocycle adjoins is formed, and n is five or more 
integers. Structure expressed 

A layer which becomes an organic solvent from meltable conjugated system polymers, and 
adjoins this luminous layer and consists of an electron-transport-property compound between 
the negative pole and this luminous layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to an organic electroluminescence element 
(following organic EL device), detailed — a solvent — it is related with the organic EL device 
using an electron transport material with it, using meltable conjugated system polymers as a 
luminescent material. 
[0002] 

[Description of the Prior Art]The inorganic electroluminescent element (following inorganic EL 
element) used from the former needed high tension for making light emit. C.W.Tang and others 
makes organic fluorescent dye a luminous layer, and the organic EL device which has the two- 
layer structure which laminated the organic charge transport compound used for the photo 
conductor of electro photography, etc. at it is produced these days, As compared with what has 
only a luminous layer, the low voltage drive and the efficient and high-intensity organic EL device 
were realized (JP.59-1 94393,A). since an organic EL device has the feature that luminescence of 
many colors is obtained easily in addition to a low voltage drive and high-intensity, compared 
with an inorganic EL element, many trials are reported about element structure, organic 
fluorescent dye, and an organic charge transport compound. [27 Japanese journal OBU applied 
physics (Jpn.J.Appl.Phys.), L269 (1988)] **[65 journal OBU applied physics (J. Appl.Phys.), 3610 
pages (1989)] .Generally as a luminescent material, the organic fluorescent dye of low molecular 
weight is used, and until now as a luminescent material of polymers, WO No. 9013148 public 
presentation specification, JP,3-126787,A, applied physics Letters (Appl.Phys.Lett.) — 58 
volumes, It was only proposed by 1982 pages (1991), 30 Japanese journal OBU applied physics 
(Jpn.JAppl.Phys.), L1938 (1991), said 30 volume, L1941 (1991), etc. 
[0003] 

[Problem(s) to be Solved by the Invention] However, it is hard to say that the organic EL device 
using the high polymer luminescent material reported so far has high driver voltage, and its 
luminosity is also not necessarily enough. Employing [ the high polymer luminescent material is 
thermally stable and ] those strong points efficiently, since the luminous layer which was easily 
excellent in homogeneity by the applying method can be formed, driver voltage is lower and the 
organic EL device which is high-intensity is demanded. 

[0004]The purpose of this invention is to provide the low voltage drive using the high polymer 
luminescent material which can form the luminous layer which was easily excellent in 
homogeneity by the applying method, and a high-intensity organic EL device. 
[0005] 

[Means for Solving the Problem]This invention persons have considered wholeheartedly a low 
voltage drive of an organic EL device which used a high polymer luminescent material as a 
luminous layer, and a rise in luminosity. As a result. [ whether that for which an electron- 
transport-property compound was added to this is used as a luminous layer as a high polymer 
luminescent material using conjugated system polymers meltable to a solvent, and ] Or by 
adjoining a polymers luminous layer and forming a layer of an electron-transport-property 
compound between a polymers luminous layer and the negative pole, it found out that low- 
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voltage-drive-izing and a rise in luminosity were realized compared with a case where a high 
polymer luminescent material is used independently, and resulted in this invention. 
[0006]Namely, in an organic electroluminescence element which has a luminous layer at least in 
inter-electrode [ which consists of the anode and the negative pole of a couple that at least one 
side of this invention is transparent or translucent ], (1) this luminous layer has the structure 
expressed with the following-ization 3 — a solvent — meltable conjugated system polymers and 
an electron-transport-property compound are included, or — (2) this luminous layer has the 
structure expressed with the following-ization 3 — a solvent — it is in providing an organic EL 
device consisting of meltable conjugated system polymers, and adjoining this luminous layer 
between this luminous layer and the negative pole, and having a layer of an electron-transport- 
property compound. 



Ar shows a repeating unit here — an aromatic ring or aromatic property heterocycle — the alkyl 
of at least one carbon numbers 1 -22. They are an allylene group which has the substituent 
chosen from the alkoxy ****** alkylthio group and the aromatic hydrocarbon group of the 
carbon numbers 6-22, or an aromatic property heterocyclic compound group, And the pi electron 
conjugated system which followed this aromatic ring of a repeating unit or aromatic property 
heterocycle which this aromatic ring or aromatic property heterocycle adjoins is formed, and n is 
five or more integers. 

[0008] Hereafter, the organic EL device of this invention is explained in detail. So that the 
conjugated system polymers used for this invention may be used as a luminescent material of an 
organic EL device and the structure may be expressed with the above-ization 3, The aromatic 
ring or aromatic property heterocycle which has the substituent chosen from the alkyl of at least 
one carbon numbers 1-22, the alkoxy ****** alkylthio group, and the aromatic hydrocarbon 
group of the carbon numbers 6-22 is made into a repeating unit, Between the aromatic ring of a 
****** repeating unit, or aromatic property heterocycle, they push in combination which forms a 
pi electron conjugated system, and have joined together five or more pieces, and if meltable to 
an organic solvent, there will be no restriction in particular. 

[0009]p-phenylene group which has the substituent chosen from alkyl of the carbon numbers 1- 
22, an alkoxy ****** alkylthio group, and an aromatic hydrocarbon group of the carbon numbers 
6-22 as an Ar basis, A naphthalene-1 ,4-diyl group, a naphthalene-1,5-diyl group, a naphthalene- 
2,6-diyl group, an anthracen-9,10-diyl group, A 2,5-thienylene group, an azulene 1,3-diyl group, a 
carbazole 2,7— diyl group, a carbazole 3,6-diyl group, etc. are illustrated. As a basis which shows 
strong electroluminescence, a nuclear substitution object of p-phenylene group, a 2,5-thienylene 
group, and a carba sole 2,7— diyl group is preferred, and a nuclear substitution object of p- 
phenylene, 2, and 5-thienylene is more preferably preferred. 

[0010]Since it is indispensable that it is meltable to a solvent, conjugated system polymers 
shown by ** 3 require that a basis chosen from an alkyl group of the carbon numbers 1-22, an 
alkoxy group, an alkylthio group, and an aromatic hydrocarbon group of the carbon numbers 6-22 
should carry out one or more piece nuclear substitution. In order to give good fusibility, it is 
preferred that those one is an alkyl group, an alkoxy group, or an alkylthio group of the carbon 
numbers 4-22 at least among substituents. An alkyl group of the carbon numbers 4-22 with good 
membrane formation nature and especially an alkoxy group are preferred in these. 
[001 1]As an aikyl group of the above-mentioned carbon numbers 1-22, for example, it is a 
methyl group, an ethyl group, a propyl group, a butyl group, a pentyl group, a hexyl group, a heptyl 
group, an octyl group, a decyl group, a lauryl group, dodecyl, an octadecyl group, etc., and a 
pentyl group, a hexyl group, and a heptyl group are preferred. Or as an alkoxy group of the 
carbon numbers 1-22, It is a methoxy group, an ethoxy basis, a butoxy group, a pentyloxy group, 
a hexyloxy group, a heptyloxy group, an octyloxy group, a lauryl oxy group, a dodecyloxy group, 
an octadecyloxy group, etc., and a pentyloxy group, a hexyloxy group, and a heptyloxy group are 
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preferred. As an alkylthio group, a methylthio group, an ethyl thio group, a propyl thio group, It is 
a butyl thio group, a pentyl thio group, a hexyl thio group, a heptyl thio group, an octylthio group, 
a laurylthio group, a dodecyl thio group, an octadecyl thio group, etc., and a pentyl thio group, a 
hexyl thio group, and a heptyl thio group are preferred, as an aromatic hydrocarbon group — A 
phenyl group and 4 - an alkoxyphenyl group (as an alkoxy group — for example, a methoxy 
group.) An ethoxy basis, a butoxy group, a pentyloxy group, a hexyloxy group, a heptyloxy group, 
4- An alkylphenyl group (as an alkyl group, they are a methoxy group, an ethoxy basis, a butoxy 
group, a pentyloxy group, a hexyloxy group, and a heptyloxy group), 1-naphthyl group, and 2- 
naphthyl group are illustrated. 

[0012]Polymers which specifically have a repeating unit shown in the following tables 1-6 are 
illustrated. (A number in front is a number of a repeating unit of that to which an alkyl group in a 
repeating unit corresponds to a mentioned alkyl group.) 
[0013] 
[Table 1] 
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[Table 2] 
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[Table 4] 
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[0019]In these conjugated system high molecular compounds, from a viewpoint of high-intensity 
or film production nature, 1-10, 11-20, 91-105, 171-180, 181-190, 261-275 are preferred, and 
are 2-5, 17-20, 186-190 more preferably by the number of the above-mentioned repeating unit. 
These conjugated system polymers may be used independently, and two or more kinds may be 
mixed and they may be used. The copolymer which mixed two or more kinds of monomers 
corresponding to these polymers, and polymerized may be sufficient. 

[0020]n expresses the number of repeating units, in ** 3, especially with five or more, are not 
limited, but. Since it may become difficult for a uniform film to be hard to be obtained, and for 
solubility to fall even if too large, and to produce a film uniformly if too small, as for the range of 
n, ten or more are preferred, and 1 0-1 0000 are more preferred. 

[0021]When what is necessary is just for after-spreading desiccation to have removed the 
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solvent for this solution when membranes were formed from a solution using the conjugated 
system polymers of such organic solvent fusibility and an electron-transport-property compound 
is mixed, the same technique can be applied, and it is dramatically advantageous on manufacture. 

[0022]Although not limited especially as a synthetic method of the conjugated system polymers 
shown by the above-ization 3, The reaction which Grignard-izes the dihalogen compound of the 
method of carrying out oxidative polymerization and a corresponding repeating unit, and 
polymerizes with oxidizers which carry out electrolytic polymerization of the corresponding 
monomer, such as a method and trivalent iron, the method of polymerizing with a zerovalent 
nickel complex similarly, etc. are illustrated. Since the purity affects a luminescent characteristic 
when using these conjugated system polymers as a luminous layer of an organic EL device, it is 
desirable after composition to carry out purification processing of reprecipitation refining, 
judgment by chromatography, etc. 

[0023]As an electron-transport-property compound used for this invention, To the conjugated 
system polymers used as a luminescent material, especially if electron transport property is high, 
will not be limited, but. For example, an oxadiazole system compound, a benzoquinone series 
compound, a naphthoquinone system compound, an anthraquinone system compound, a 
tetracyano anthra quinodimethane system compound, a diphenyldicyano ethylene system 
compound, a diphenoquinone series compound, etc. are illustrated. Although it is specifically 
usable in publicly known things, such as what is indicated in JP,63-70257,A, a 63-175860 
gazette, JP.2-1 35361 ,A, said 2-135359, and a 3-152184 gazette, An oxadiazole system 
compound, a benzoquinone series compound, and an anthraquinone system compound are 
preferred, and 2-(4-biphenylyl)-5-(4-t-buthylphenyl)-1,3,4-oxadiazole, benzoquinone, and 
anthraquinone are preferred especially. These electron-transport-property compounds may be 
used independently, and two or more kinds may be mixed and they may be used. 
[0024]When an electron-transport-property compound is mixed and used for the conjugated 
system polymers shown as a luminous layer of the organic EL device of this invention by ** 3 
used as a luminescent material. Since the current which does not contribute to luminescence will 
increase if too large [ when there is too little the quantity, its effect is small, and ], when an 
organic EL device is used, the characteristics, such as luminosity, worsen. Although it changes 
also with molecular weights of the electron-transport-property compound to be used, 0.01 - 
40wt% of the rate to mix is desirable to the conjugated system polymers shown by ** 3, and is 
0.1 - 10wt% preferably [ it is more desirable and ] to 0.1 - 30wt% and a pan. As a mixing method, 
an electron-transport-property compound and these conjugated system polymers are dissolved 
in the same solvent, it is considered as a mixed solution, and the method of applying this is 
generally illustrated. 

[0025]If the solvent in which the conjugated system polymers shown by ** 3 are dissolved has 
solubility to such an extent that it can be produced, there is no restriction in particular, and 
since the optimal solvent changes with kinds of these conjugated system polymers, it will choose 
suitably. When long chain groups, such as a with a carbon numbers of four or more alkyl group, 
an alkoxy group, or an alkylthio group, are contained in the repeating unit of conjugated system 
polymers, chloroform, A methylene chloride, ethylene chloride, a carbon tetrachloride, 
dimethylformamide, dimethylacetamide, dimethyl sulfoxide, a TETORAHIDO franc, N-methyl 
pyrrolidone, toluene, xylene, propylene carbonate, etc. are illustrated. Film production nature is 
[ among these ] good, and chloroform, toluene, and a tetrahydrofuran are preferred as a solvent 
in which the above-mentioned electron transport material is moreover also dissolved. 
[0026]In this invention, using the thing which made the conjugated system polymers shown by ** 
3 distribute a known luminescent material as a luminous layer is also included. Although not 
limited especially as a luminescent material, for example Naphthalene and its derivative, 
Anthracene and its derivative, perylene and its derivative, a poly methine system, Coloring 
matter, such as a xanthene series, a coumarin series, and a cyanine system, 8-hydroxyquinoline 
and the metal complex of the derivative, aromatic amine, a tetraphenylcyclopentadiene and its 
derivative, tetraphenylbutadiene, its derivative, etc. can be used. Specifically, it is usable in 
publicly known things, such as what is indicated, for example in JP.57-51 781 ,A and a 59-194393 
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gazette. 

[0027] Manufacture of the organic EL device of this invention is described below. What formed 
the transparent or translucent electrode on transparent substrates, such as glass and a 
transparent plastic, as a transparent or translucent electrode by the electrode of the couple 
which consists of the anode and the negative pole is used. As a material of the anode, a 
conductive metal oxide film, a translucent metal thin film, etc. are used. Specifically, it is indium 
tin oxide. (ITO) Tin oxide (NESA) Au, Pt, Ag, Cu, etc. are used. As a manufacturing method, a 
vacuum deposition method, sputtering process, plating, etc. are used. 

[0028] Subsequently, the luminous layer of conjugated system polymers is formed on this anode. 
The applying methods which use the solution which dissolved conjugated system polymers in the 
organic solvent as a method for film deposition, such as the spin coating method, casting 
method, a dipping method, the bar coat method, the roll coat method, and a spray method, are 
illustrated. 

[0029]As thickness of a luminous layer, 0.5 nm - 10 micrometers are 1 nm - 1 micrometer 
preferably. In order to raise current density and to raise luminous efficiency, the range of 10-500 
nm is preferred. When it thin-film-izes by the applying method, in order to remove a solvent, it is 
desirable under decompression or an inert atmosphere to heat-treat at the temperature of 60- 
1 00 ** preferably 30-200 **. 

[0030]Subsequently, an electron transport layer is formed on this luminous layer. Although not 
limited, especially as a method for film deposition of an electron-transport-property compound A 
vacuum deposition method, Or the spin coating method after melting this compound in an 
organic solvent, Casting method, a dipping method, the bar coat method, the roll coat method, 
After using the applying methods, such as a spray method, or mixing further known high 
molecular compound and electron-transport-property compound by solution states or a molten 
state, Membranes can be formed using the applying methods, such as the spin coating method, 
casting method, a dipping method, the bar coat method, the roll coat method, and a spray 
method. Especially as a known high molecular compound to mix, although not limited, what has 
the absorption what does not check charge transport to a degree very much is preferred, and 
not strong to visible light is used suitably. For example, poly (N-vinylcarbazole), poly aniline, and 
its derivative, Vinyl system polymer, such as poly (p-phenylenevinylene) and its derivative, poly 
(2,5-thienylene vinylene) and its derivative, polycarbonate, polymethacrylate, 
polymethylmethacrylate, polystyrene, and polyvinyl chloride, a polysiloxane, etc. are illustrated. It 
is preferred to use the applying method in that a film can be produced easily. 
[0031] Although thickness which a pinhole does not generate at least is required for the 
thickness of an electron transport layer, if not much thick, resistance of an element will increase, 
high driver voltage is needed, and it is not preferred. Therefore, 0.5 nm - 10 micrometers of 
thickness [ 1 nm - 1 micrometer of ] of an electron transport layer are 5-200 nm still more 
preferably preferably. 

[0032]Although the above described the case where the luminous layer and electron transport 
layer which consist of conjugated system polymers were laminated and provided, When forming 
the luminous layer containing conjugated system polymers and an electron-transport-property 
compound, conjugated system polymers and an electron transport compound using the mixed 
solution which dissolved in the organic solvent The spin coating method, The method of forming 
membranes by the applying methods, such as casting method, a dipping method, the bar coat 
method, the roll coat method, and a spray method, is adopted. Thickness is the same range as 
the thickness of said luminous layer. In this invention, it is also possible to laminate the luminous 
layer containing the luminous layer and conjugated system polymers which consist of conjugated 
system polymers, and an electron-transport-property compound. 

[0033]Subsequently, when a luminous layer is a mixed layer of conjugated system polymers and 
an electron-transport-property compound and the luminous layer and the electron transport 
layer are laminated on this layer again, an electrode is provided on an electron transport layer. 
This electrode turns into the electron injection negative pole. Especially as the material, although 
not limited, a small material of ionization energy is preferred. For example, aluminum, In, Mg, and 
Mg-Ag alloy, In-Ag alloy, a Mg-In alloy, Ca and those alloys, Li(s) and those alloys, a graphite thin 
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film, etc. are used. In the case of an unstable material, a material stable in the air, such as 
aluminum, Au, Ag, and Pt, may be further created on a cathode material as a protective film in 
the air among these cathode materials, for example. As a manufacturing method of the negative 
pole, publicly known methods, such as a vacuum deposition method and sputtering process, are 
used. 

[0034]The anode / luminous layer (mixture of a luminescent material and an electron-transport- 
property compound) / negative pole described as a structure of the EL element of this invention 
until now (it is shown that / laminated the layer), Or when laminating the still more publicly 
known electron hole transporting bed in addition to the structure of the anode / luminous layer / 
electron transport layer / negative pole, the structure of the anode / electron hole transporting 
bed / luminous layer / electron transport layer / negative pole, and the anode / electron hole 
transporting bed / luminous layer (mixture of a luminescent material and an electron-transport- 
property compound) / negative pole is mentioned. The laminated structure etc. which 
furthermore have a known buffer layer between the anode, a luminous layer, or an electron hole 
transporting bed or between the negative pole and an electron transport layer can also be taken. 

[0035] 

[Example]Hereafter, although the example of this invention is shown, this invention is not limited 
to these. 

[0036] Reference example[Poly (the 3-hexyl- 2, 5-thienylene) composition] making chloroform 
dissolve 1.7 g of 3-hexylthiophenes in 100 ml — this — ferric chloride — 4 time Eq of 3- 
hexylthiophene — in addition, it reacted at the room temperature for 5 hours. After the reaction, 
when 500 ml of methanol was added, green precipitation arose. This was dried after filtration and 
washing. 1.6g of settlings were obtained. A poly (the 3-hexyl- 2, 5-thienylene) structure was 
checked from the infrared absorption spectrum and the ultraviolet and visible absorption 
spectrum. The number average molecular weight of the polystyrene conversion by GPC was 
43,000. 

[0037]By example 1 sputtering, to the glass substrate which attached the ITO film by a 
thickness of 40 nm. It is 2-(4-biphenylyl)-5-(4-t-buthylphenyl)-1, 3, and 4-oxadiazole 
(henceforth, PBD) as the poly (3-hexyl-2,5-thienylene) obtained by the reference example 1, and 
an electron-transport-property compound. Membranes were formed by a thickness of 30 nm 
with the spin coat using the 0.4wt% chloroform fluid of [the mixing ratio to poly (3~hexyl-2.5- 
thienylene) of PBD is 1. 4wt% here]. Subsequently, after drying this at 60 ** under 
decompression for 1 hour, on it, 150 nm of Mg-Ag alloys (Mg:Ag is 10:1 at a weight ratio) were 
vapor-deposited as the negative pole, and the organic EL device was produced. The degree of 
vacuum at the time of vacuum evaporation was below 3x10 _6 Torr. When the voltage 19V was 
impressed to this element in the dark room, the current of current density 602 mA/cm flowed 
and the red EL luminescence of luminosity 4. 58 cd/m 2 was observed. Luminosity was measured 
by luminance meter LS-1 00 (made by Minolta Co., Ltd.). At this time, the luminosity in a dark 

room was below 0. 01 cd/m . 

[0038]Anthraquinone was used instead of PBD as an example 2 electron-transport-property 
compound. [The mixing ratio to poly (the 3-hexyl- 2, 5-thienylene) of anthraquinone was 1. 5wt% 
here.] Except created the organic EL device which has a 30-nm-thick luminous layer by the 
same method as Example 1 . In this element, when luminosity was measured by the same method 
as Example 1 , the red EL luminescence of luminosity 3. 22 cd/m 2 was observed. The voltage 
impressed at this time is 13V, and the current of 602 mA/cm 2 flowed through it. 
[0039]The organic EL device which has a 30-nm-thick luminous layer by the same method as 
Example 1 was produced except not mixing an electron-transport-property compound to 
comparative example poly (the 3-hexyl- 2, 5-thienylene). When luminosity was measured by the 
same method as Example 1 , the EL luminescence of luminosity 0. 83 cd/m was observed, but 
the color was not able to check this element. The voltage impressed at this time is 15V, and the 

current of 602 mA/cm 2 flowed through it. 
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[0040] 

[Effect of the Invention]As explained above, moreover as compared with the conventional thing, 
luminosity of the organic EL device of this invention is improving by the low voltage drive. 
The use as devices, such as a source of sheet-like light as a back light and a flat-panel display, 
is possible. 



[Translation done.] 
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